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Chaos in cosmic ray air showers

Takashi Kitamura®*, Soji Ohara®, Takeharu Konishi ¢, Katsufumi Tsuji ©,
Michiyuki Chikawa?, Wasaburo Unno?, Isao Masaki9, Kenji Urata®, Yukihiro Kato®

& Research Institute for Science and Technology, Kinki University, Higashi-Osaka, Osaka 577, Japan
Y Faculty of Economy, Nara Industrial University, Ikomagun, Nara 636, Japan
¢ Department of Physics, Kinki University, Higashi-Osaka, Osaka 577, Japan
4 Faculty of Letters, Kokugakuin University, Shibuya, Tokyo 150, Japan
¢ Himeji junior college, Himeji, Hyogo-pre 670, Japan

Received 21 May 1996; revised 11 September 1996; accepted 29 September 1996

Abstract

Unexpected chaotic features are found in time series of arrival time intervals of successive air showers with (E > 3 x 10"
eV). Over 99 % of air shower arrival time intervals obey the Poisson distribution law representing stochastic behaviors, but
occasionally there are air showers showing real chaotic behaviors as distinguished from both random and colored noises.
With two systems of the Kinki university installations, we found 13 cases showing chaotic time series in 3.36 yr with the
system-1 and the 1.37 yr with the system-2. Five out of 10 chaotic air showers of the Kinki installation are detected during
the same time zone also by the Osaka City university installation which is at 115 km distance from the Kinki one. In a
remarkable example of September 19, 1991, the correlation dimension was observed to have dropped from about 4 to the
minimum of 1.3 and recovered smoothly in about 38 h. The chaos structure in this case is detected in nearly the same time
zone at the Ohya station of the Institute for Cosmic Ray Research, University of Tokyo, which is separated from the Kinki
one by 460 km. Formation of chaos structure due to energetic cosmic ray dust particles is suggested. Progress of cosmic
ray physics may be expected with the study of air showers marked with chaos.
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1. Introduction

Chaos is found in the time sequence of successive
air shower arrival time intervals (ASATs). Before en-
tering in the discussion of the observation and analy-
sis, we should better ask what that means. High energy
primary nucleus or nuclei enter into the atmosphere,
cascading to lower energy secondaries and so forth,
and the leading and secondary particles at all stages
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of interactions reach the detectors almost at the same
time forming one shower event. But, since chaos lies
in 256 events (E > 3 x 10'* eV) during 10 h or so
in our observation, the chaos would have been formed
most likely at a distance of much more than 10 light
hours with energy larger than 10'7 eV, if including all
energies of air showers forming the chaos feature. On
the other hand, since a shower is a stochastic event
due to collision between an incident elementary parti-
cle and target nucleus or nuclei within the atmosphere,
generation of chaos is still not easy to understand, al-

0927-6505/97/$17.00 © 1997 Elsevier Science B.V. All rights reserved.

PII $0927-6505(96)00062-X






